The viscosity, μ, and the velocity through the phar ynx of solutions prepared from commercial thickening agents were compared with "fractured yogurt" as a model bolus of yogurt to evaluate their suitability as care foods for dysphagic patients. From the shape of velocity spectra and the values of velocity, the flow property of the "fractured yogurt" was considered to be close to that of the bolus of yogurt. The value of μ for the yogurt-like thickener solution was smaller than the apparent viscosity, μ app , for the "fractured yogurt" around the shear rate (γ 4 ) of 10 s -1 . In addition, the value of V max , an index for the safety of care foods, for the yogurt-like and jam-like solutions was larger than that for the fractured yogurt. These results indicate that a yogurt-like solution does not necessarily have flow properties similar to those of yogurt and is less safe for dysphagic patients than yogurt.
Introduction
With the advent of an aged society, the incident of dysphagia has increased; dysphagic patients often aspirate foods (foods enter not the esophagus but the trachea) [1, 2] . Thin (low viscosity) liquids flow readily with small cohesion between particles and, therefore, are easily deformed during swallowing. Thus, thin liquid may penetrate the larynx and enter the trachea if laryngeal closure does not occur properly. Many dysphagic patients are not capable of controlling laryngeal closure, and therefore often aspirate such liquid foods of low viscosity [3, 4] .
Thickeners or gelling agents are, therefore, used in foods for dysphagic patients to enhance both the viscosity of and cohesion between food particles, and many commercial foods containing thickeners and gelling agents have been developed. However, the appropriate physical properties of foods for patients with difficulty in swallowing have not yet been definitely determined.
In 1994, the Ministry of Health, Labour, and Welfare in Japan (hereafter referred to as the Ministry) set the diet criteria for gel and sol foods for patients with difficulty in masticating and swallowing. For both gel and sol foods, the value ranges of "hardness," determined from the compression texture measured with a rheometer, were set. As for sol foods, "the value of viscosity, μ, of sol measured with a B-type viscometer (a rotational viscometer with a vertical cylindrical rotor) at a rate of rotor rotation of 12 rpm was to be 1.5×10 3 mPa･s (＝1. 5 Pa･s) and above at 20±2℃ after 2min" [5] . The viscosity μ is physically a more appropriate parameter than the "hardness" as an index for liquid-type (sol) foods, since μ determines the flow rate for simple systems such as viscous flow in a tube [6] . The Japan Care Food Conference organized by various Japanese food companies set a similar criterion for "the universal design foods" in 2003.
Many foods for the care of dysphagic patients have been developed on the basis of this criterion. However, the new criteria set by the Ministry in 2009 do not distinguish between sol and gel, not including viscosity as an index.
For determination of the appropriate properties of foods for dysphagic patients, an effective approach is to relate the flow aspects of foods (or the bolus) in the human pharynx and the physical properties and/or texture of the foods. The ultrasonic pulse-Doppler method, developed by Nakazawa et al. [7] , is safer for the human [3, 4, 8] ; and the velocity distribution of foods (or the bolus) passing through the pharynx can be obtained without the addition of a contrast medium. Hasegawa et al. measured the velocities of food gels and solutions passing through the pharynx by using this ultrasonic pulse-Doppler method [9] [10] [11] . As a result, the maximum velocity of water, which dysphagic patients often aspirate into their trachea, was determined to be about 0.5 m s -1 ; whereas the maximum velocity of yogurt, which is rarely aspirated by them, was about 0.2 m s -1 . Thus, they concluded that the risk of foods being aspirated by dysphagic patients can be predicted from the maximum velocity of the foods. In addition, they reported that the maximum velocities of thickener solutions, gels, and diets for dysphagic patients, whose storage modulus, G', at a frequency of 1 Hz ([s
was larger than 100 Pa and whose dynamic viscosity, η', was larger than 2 Pa･s, was similar to that of yogurt [8, 10] .
We previously investigated the velocity through the human pharynx of solutions prepared from widely used thickeners, i.e., carboxymethylcellulose (CMC), xanthan gum, guar gum, and pregelatinized starch. The solution viscosity μ was measured with 2 types of viscometers, a B-type viscometer and a cone-and-plate one, with which an accurate value of μ can be obtained as a function of the shear rate, γ 4 [6] . In addition, the relationship between the maximum velocity through the phar ynx, V max , and the values of viscosity μ was also examined [12] . Most catalogs supplied by food companies describe the procedure for preparing solutions of the following 3
types: "jam-like," "yogur t-like," and "potage-like."
However, the viscosity and the velocity through the pharynx of these solutions have not been examined yet.
In this present study, "jam-like," "yogurt-like," and "potage-like" solutions were prepared from a typical commercial thickening agent as care foods for dysphagic patients; and their viscosity and the velocity through the pharynx were measured. In addition, yogurt curd fractured by stirring was taken as a model bolus of yogurt, and its apparent viscosity and V max were compared with those of the thickener solutions.
Materials and Methods

Materials
In a preliminar y test, the rheological properties of jam-like, yogurt-like, and potage-like solutions prepared from many commercial thickening agents were found to be similar. In this current study, the rheological properties of yogurt-like solutions prepared with the following 3 thickening agents were examined: (A) "Toromeiku" (Meiji Dairies Co., Tokyo, Japan, hereafter referred to as TA-1) composed of polysaccharides, dextran, and potassium chloride.
(B) "Sur ukingu" (Kissei Pharmaceutical Co., Ltd., Nagano, Japan, hereafter designated as TA-2) composed of polysaccharides, dextran, and emulsifier.
(C) "Toromipafekuto" (The Nisshin OilliO Group, Ltd., Tokyo, Japan, hereafter referred to as TA-3) composed of polysaccharides, dextran, and potassium chloride.
The thickening agents were used without further purification. Since the rheological properties of solutions prepared from these 3 commercial thickening agents were similar, as shown subsequently, the thickening agent TA-1 or "Toromeiku" was chosen; and the properties of its solutions were examined in detail. As yogurt, "Meiji Bulgaria Yogur t LB 81" (Meiji Dairies Co., Tokyo, Japan), used in the previous studies [9] [10] [11] [12] , was selected.
This yogurt is apparently a brittle and weak gel, and taken as a "weak gel" rheologically based on the dynamic viscoelastic data presented previously [9] .
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Preparation of thickener solutions
Three types (jam-like, yogurt-like, and potage-like) of thickener solutions were prepared as follows: A specific amount of the thickening agent in powder form was dispersed into distilled and deionized water by stirring with an impeller, and the solution was then kept at 80℃ for 10 min in a water bath. All the solutions were degassed at about 60℃ in a desiccator with an aspirator for a few minutes to remove the bubbles in the solutions. The concentrations of jam-like, yogurt-like, and potage-like thickener solutions were adjusted according to the manual supplied by the manufacturer.
Preparation of fractured yogurt as a model bolus of yogurt
In the previous studies [9] [10] [11] [12] , we had chosen water and yogurt as reference foods. The yogurt used was a brittle and weak gel; and, therefore, its μ value could not be strictly defined, whereas the viscosity of water could be measured. However, in the case of solid or semi-solid foods, human beings masticate and swallow them as a bolus, the apparent viscosity of which would determine the flow velocity through the phar ynx. In this study, yogurt curd was stirred with a spoon by hand for about 1 minute until the yogurt curd was apparently lost; and the sample (hereafter referred to as "fractured yogurt") was used as a model bolus of the yogurt. The apparent viscosity, μ app , of the "fractured yogurt" was measured with the B-type viscometer; and its velocity through the pharynx was compared with that of the solutions prepared from the commercial thickening agent.
Measurement and analysis of dynamic viscoelasticities
Dynamic viscoelasticities reflect dispersed and/or entangled structures of polymers in food hydrocolloids [13] . Hydrocolloids are therefore rheologically characterized according to the angular frequency (ω) dependence of the storage modulus, G', a measure of elasticity, and the loss modulus, G''. The dynamic viscoelastic properties of the thickener solutions were measured by using a rheometer, Rheosol-G5000 (UBM Co., Ltd., Kyoto, Japan), equipped with a cone-and-plate fixture (a cone with a 40-mm diameter, a 2° cone angle, and a gap of 50 μm) were used. 
where i is the imaginary unit. The complex viscosity, η*, is defined by
The absolute value of the complex viscosity η*, ｜η.｜, is referred to as η*, as is conventional in rheology [14] .
In a preliminary test, each sample put into a subject's mouth was spit out just before swallowing would have occurred, and its temperature was then measured. The temperature of foods just before swallowing was around 25℃, and hence viscoelasticity measurements were made at 25℃.
Viscosity measurement
A B-type viscometer is commonly used in the Japanese food industr y, having been adopted by the Ministry as the viscometer to be a part of the criterion set in 1994. Moreover, a B-type viscometer is suitable for measuring the apparent viscosity of heterogeneous samples such as a slurr y, bolus, and "fractured yogur t" examined in this study, since the "gap" between the rotor and sample-vessel wall is large. Therefore, the viscosity (μ) of thickener solutions and the apparent viscosity (μ app ) of "fractured yogur t" were measured with a B-type viscometer by the method similar to that used in the previous study [12] . 
where 
Measurement and analysis of the velocity of the thickener solutions passing through the pharynx
The velocity of the thickener solutions through the phar ynx was measured and analyzed by the method described in the previous studies [9] [10] [11] [12] .
Subject
A young female subject (height, 155 cm; circumference of neck, 31 cm; age, 23), without difficulty in swallowing and without phar yngolar yngeal or cer vical lesions, participated in this study. We adhered to the Helsinki Declaration, and carried out the experiments after they had been approved by the in-house Ethics
Committee of Kyoritsu Women's University. (small portions of food detectable with the ultrasonic probe) at a given passage time and velocity. In the present study, the velocity distribution of the thickener solutions through the pharynx of a single subject was therefore investigated as in the previous study [12] , since velocity data on a single subject are more appropriate for grasping the dependence of velocity on the thickener concentration (or the viscosity) than data on many subjects.
Analysis of velocity distribution spectra
Velocity distribution spectra (n＝20-30) measured as described above were averaged by using computer software, Image-Pro Plus ver. 5.0 (Nippon Roper Co., Ltd., Tokyo, Japan), to obtain a color velocity distribution spectrum. In a color spectrum, the volume fraction of "food particles" is higher in the order of red, green, and blue. The maximum velocity, V max [ms -1 ], and the mean velocity, v m [ms -1 ], were calculated from the spectra. In order to reduce background noise, we defined the maximum velocity, V max , as the velocity at which the value of the brightness was 12 dB lower than that of the brightness in the statistical mode of velocity [9] [10] [11] [12] .
Results
First, rheological proper ties of solutions prepared from commercial thickening agents were examined. and that of the complex viscosity η* on ω. G' was slightly larger than G'', and both moduli were only slightly dependent on ω. Hence, these solutions can be taken as weak gels [13] . The decrease in μ with increasing γ 4 (so-called shear thinning [16] [17] [18] [19] ) was observed for all of the samples (3 figures at the right). The value of μ for these 3 solutions decreased about 1 order of magnitude as the value of γ 4 increased 1 order of magnitude; and the degree of the shear thinning was similar to that of xanthan gum solutions reported previously [12] . The dependence of μ on γ 4 is superimposable upon that of the complex viscosity η* on ω for many polymer solutions, as stated by the empirical Cox-Merz rule [14, 15] .
For the Cox-Merz rule to be applied, it is necessary that and that of the complex viscosity η* on ω.
Akiko TASHIRO, Keiko ONO, Atsuko HASEGAWA-TANIGOME, Hitomi KUMAGAI and Hitoshi KUMAGAI 182 the structure that determines the mechanical properties of a material should remain intact under steady flow. At high extents of coil overlap, polymer samples fail to obey the Cox-Merz rule due to the formation and breaking of non-covalent bonds [14] . Ikeda and Nishinari reported that a weak gel-type κ -carrageenan solution did not obey the Cox-Merz rule [14] . As shown in Fig. 2 , commercial thickener solutions examined in this study were taken as weak gels; this would result in failure to obey the Cox-Merz rule. As can be seen in Fig. 2 , the rheological properties of solutions prepared from commercial thickening agents were found to be similar. Therefore, the flow properties and the velocity through the pharynx of jam-like, yogurt-like, and potage-like solutions prepared from TA-1 were examined. Figure 3 shows the dependence of G' and G'' of the jam-like, yogurt-like, and potage-like solutions prepared from the thickening agent TA-1 on ω. These solutions can be also taken as weak gels [13] . comparison. The spectrum for water was distributed over a wider velocity range than those spectra of the other samples, whereas that for yogurt showed the narrowest range of all of the samples, as repor ted previously [9] [10] [11] [12] . The spectra for the thickener solutions at a low concentration were distributed over a wider velocity 
Discussion
Human beings chew foods, mix them with saliva, and swallow them as a bolus in the case of solid or semi-solid foods [3, 4] . The yogurt (brittle and weak gel) used in this study would be swallowed as a bolus probably without chewing by the teeth and with mixing with little saliva. The shape of the spectrum (Fig. 5 ) and the value of V max (Fig. 6 ) for the fractured yogurt were similar to those for the "yogurt as is," indicating that the flow property of the fractured yogurt was similar to that of the bolus of the "yogurt as is."
The spectrum for the yogurt-type thickener solution (TA-1) was distributed over a wider velocity range than that for "yogurt as is" or the fractured yogurt, as seen in Fig. 5 . In addition, the value of V max for the yogurt-type thickener solution was 0.34 m s -1 , being larger than that of "yogurt as is" or the fractured yogurt, as was shown in As shown in Fig. 7 , the value of V max for the thickener solution decreased as the value of μ increased. However, the value of V max of the fractured yogurt was the smallest, even though the value of μ app for the fractured yogurt was smaller than that of the jam-like thickener solution at both γ 4 ＝2.5 and 10 s -1 . In our previous study, the shear rate of a liquid through the phar ynx was roughly estimated to be 10 s -1 or somewhat larger than 10 s -1 in the pharynx at its narrowest part [20] . From the results given in Fig. 7 In the diet criteria set by the Ministry in 1994, viscosity was included as an index for sol-type care foods.
However, in the new criteria set by the Ministry in 2009, the value ranges of 3 parameters, i.e., "hardness," "cohesiveness," and "adhesiveness" determined from the compression texture measured with a rheometer were specified; whereas the viscosity was eliminated from the criteria set in 1994, probably because μ was considered to be inappropriate as an index for care foods for dysphagic patients. However, the problem would have been that the measurement of μ in the criteria in 1994 was determined In the previous [12] and present studies, the value of the V max for the thickener solutions approached that value of yogur t as the thickener concentration was increased, but was larger than that of yogurt (larger than 0.24 ms -1 ). Not only the viscosity of the bolus but also cohesion oriented by the gel-network might influence the velocity through the pharynx in the case of a gel.
As for solid and semi-solid foods, the steady shear viscosity μ cannot be defined. Further investigation of the relationship between bolus viscosity of semi-solid foods other than yogurt and velocity in the human pharynx is thus necessary.
